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[Claim 1] The member which the layer which consists of a particle which mainly has photocatalyst 
activity is formed on a base material, and has the photocatalyst function characterized by carrying 
out distributed combination of the particle with a mean particle diameter of less than 0.01 
micrometers in said particle layer. 

[Claim 2] The member which is a member which has a photocatalyst function according to claim 1 , 
and has the photocatalyst function characterized by canying out distributed combination of the 
particle with a mean particle diameter of less than 0.01 micrometers 15% of the weight or more to 
the whole layer in said particle layer. 

[Claim 3] The member which has the photocatalyst function which the layer which consists of a 
particle which mainly has photocatalyst activity with a mean particle diameter of 0.02 micrometers 
or less is fornied on a base material, and is characterized by the thing of said particle layer done at 
the maximum surface section for the distributed combination of the particle with a mean particle 
diameter of less than 0.01 micrometers at least. 

[Claim 4] The member which has the photocatalyst function which is the member which has a 
photocatalyst function according to claim 3, and is characterized by the thing of said particle layer 
done 15% of the weight or more to the whole layer at the maximum surface section for the 
distributed combination of the particle with a mean particle diameter of less than 0.01 micrometers 
at least. 

[Claim 5] The manufacture approach of a member of having the photocatalyst function 
characterized by applying and calcinating the particle which has the photocatalyst activity which 
blended the particle with a mean particle diameter of less than 0.01 micrometers on the base 
material. 

[Claim 6] The manufacture approach of a member of having the photocatalyst function 
characterized by applying and calcinating a particle with a mean particle diameter of less than 0.01 
micrometers after applying the particle which has photocatalyst activity on a base material. 

[Claim 7] The manufacture approach of a member of having the photocatalyst function 
characterized by applying and fixing a particle with a mean particle diameter of less than 0.01 
micrometers after applying the particle layer which has photocatalyst activity on a base material 
and perfomiing the process to calcinate. 



DETAILED DESCRIPTION 



10001] 

[Industrial Application] This invention relates to the member in which the layer which has 
photocatalyst functions, such as antibacterial, deodorization, and antifouling, was formed on front 
faces, such as a tile, glass (min-or), a sanitary ware, building materials, or a resin plate, and its 
manufacture approach. 
[0002] 

[Description of the Prior Art] The approach of fomning in a base material front face conventionally 
the thin film which consists of matter which has photocatalyst activity, such as anatase mold 
titanium oxide, on the surface of a base material as an approach of adding functions, such as 
antibacterial, antifouling property, and deordorization nature, is proposed. 
[0003] An anatase mold titanium oxide particle is kneaded to a binder as the one approach, and 
the approach of applying this to a base material front face, and heat-treating it is teamed. 
[0004] As other approaches, these peopte indicated in JP,5-253544,A. A binder layer is fomied in 
the front face of the plate-like part material which constitutes the wall surface, floor line, or head- 
lining side of habitation space. It is made to spray and adhere so that that part may expose to the 
front face of this binder layer the photocatalyst impalpable powder which makes anatase mold 
titanium oxide a subject from a binder layer. Subsequently, after heating in [ 300 degrees-C or 
more ] less than 900 degrees C and making a binder layer fuse, there is the manufacture approach 
of the plate-like part material equipped with the deordorization function characterized by cooling 
and making it make a binder layer solidify. 
[0005] 

[Problem(s) to be Solved by the Invention] The approach of kneading an anatase mold titanium 
oxide particle to a binder, and applying this to a base material front face, and heat-treating it was 
not enough as the property based on photocatalyst activity, such as deordorization, in order that a 
binder might cover a site [ activity / photocatalyst ]. 

[0006] Moreover, although other photocatalyst properties, such as an antibacterial function, were 
good besides the deordorization function when manufactured by the approach of JP,5-253544,A in 
[ 300 degrees-C or more ] less than 900 degrees C, film reinforcement was weak and especially 
less than 800 degrees C of abrasion resistance that solid phase sintering of titanium oxide particles 
does not produce were not enough. On the other hand, above 900 degrees C which solid phase 
sintering fully produces, anatase mold titanium oxide earned out phase transition to the rutile type 
titanjum dioxide with low activity, and sufficient photocatalyst activity was not acquired. 
[0007] It aimed at offering the member which has sufficient film reinforcement, this invention having 
been made in view of the above situation, and maintaining photocatalyst activity. 
[0008] 

[Problem(s) to be Solved by the Invention] In this invention, the layer which consists of a particle 
which mainly has photocatalyst activity is formed on a base material that the above-mentioned 
technical problem should be solved, and the distributed combination of the particle with a mean 
particle diameter of less than 0.01 micrometers was made to be earned out at said particle layer. 
Or the layer which consists of a particle whjch mainly has photocatalyst activity with a mean 
particle diameter of 0.02 micrometers or less was fomied on the base material, and even if there 



were few said particle layers, the distributed combination of the particle with a mean particle 
diameter of less than 0.01 micrometers was made to be carried out at the maximum surface 
section. 

[0009] A ceramic, a pottery ingredient, a metal, glass, thermosetting resin, thermoplastics, or those 
composites of the quality of the material of a base material are fundamentally good anything here. 
What kind of thing is fundamentally sufficient also as the configuration of a base material, for 
example, the thing of the complicated configuration of the accessory etc. is also available for the 
thing of the simple configuration of a tabular objects and cylindrical objects, spherical object, 
cylindrical object, cylindrical object, and prismatic fomi object, a prismatic forni object in the air, etc. 
or a sanitary ware, a washstand. an organ bath, a sink, etc. [, such as a tile, a wallplate, and 
flooring, ] 

[0010] The particle layer which has photocatalyst activity is the semantics of the layer which 
consists of a particle which mainly has photocatalyst activity. Therefore, any matter other than the , 
particle which has photocatalyst activity in this layer does not care about little ** rare either. 
As such matter, the matter which has the electron capture effectiveness, such as silver, copper, 
platinum, palladium, gold, iron, nickel, cobalt, zinc, and a cuprous oxide, for example is mentioned. 
If the matter which has these electron capture effectiveness is contained, photocatalyst activity will 
improve more. 

[001 1] The particle which has photocatalyst activity is a semi-conductor particle which has 
sufficient band cap to demonstrate photocatalyst functions, such as an antibacterial function and a 
deordorization function. Although there is also an opinion {JP,4-29393,B) of canying out an 
electrocution by impressing the electrical potential difference more than predetemnined as a reason 
a photocatalyst particle has antibacterial, generally it thinks like the deordorization function for the . 
active oxygen produced at the time of an optical exposure. In order to generate active oxygen, it 
requires that it is more neariy up than hydrogen generating potential when the location of the 
conduction band of a semi-conductor expresses with a band scheme, and there is upper limit of a 
valence band caudad from oxygen evolution potential. There are titanium oxide, strontium titanate, 
a zinc oxide, silicon cartDide, gallium phosphide, a cadmium sulfide, a cadmium selenide, 3 
molybdenum sulfides, etc. in the semi-conductor which fulfills this condition. Moreover, since the 
location of a conduction band will be moved up if it atomizes, if it is an about 1-1 Onm particle, the 
tin oxide, a tungstic trioxide, fenic oxide, bismuth{lll) oxide, etc. can generate active oxygen, 
Among these, it is chemically stable, and since a particle with cheaply high activity can be 
obtained, especially anatase mold titanium oxide is desirable. 

[0012] Moreover, the maximum surface part of the base material which can be observed with an 
electron microscope as the maximum surface section of the layer which consists of a particle which 
has photocatalyst activity is shown. One of the examples is shown in drawing 1 . The layer which 
consists of a particle which mainly has photocatalyst activity consists of the particle 1 and the 
particle 2 with a mean particle diameter of less than 0.01 micrometers which have photocatalyst 
activity. Since a particle 2 is constituted by the ultrafine particle with a mean particle diameter of 
less than 0.01 micrometers, it has big surface energy and curved-surface energy. Therefore, 
particle 1 comrades are mutually combined by these potential energy that a particle 2 has. Or neck 
association with the insufficient particles which have photocatalyst activity is complemented. When 
the particle 2 is constituted by the matter which has photocatalyst activity, it is still more desirable 
here. Moreover, as shown in drawing 1 , when the particle 2 distributes and exists in homogeneity 
over the whole particle layer which has photocatalyst activity, it is more desirable. 
[0013] When a particle 2 exists only in the maximum surface section like drawing 2 , it is necessary 
to compensate with other approaches association of the particles inside the particle layer which 



• 

has photocatalyst activity. It is good as for 0.02 micrometers or less in the mean particle diameter 
of the particle inside the particle layer which has photocatalyst activity as the approach. Wear 
understands thing with the mean particle diameter of the particle inside a particle layer sufficient 
with 0.02-micrometer or less extent because being generated from the maximum surface and 
transfer of the shearing force which joins the maximum surface section are eased inside to the 
thing v/hose particle with a mean particle diameter of less than 0.01 micrometers is the need in the 
maximum surface section here. Moreover, as other approaches, burning temperature may be 
raised to about 800 degrees C, and neck section association may be fonned. However, this 
approach is restricted when adding a particle with a mean particle diameter of less than 0.01 
micrometers after baking, it is because a particle will also cany out grain growth if it is made 800 
degrees C or more. 

[0014] Moreover, in drawing 1 and 2, between a base material and the particle layers which have 
photocatalyst activity is considered that association is made by the above-mentioned potential 
energy. Since transfer of the shearing force which joins producing wear from the maximum surface 
and the maximum surface section is eased inside also in this part, association to that extent is 
fundamentally enough. Moreover, in the member which has this photocatalyst activity, binders, 
such as a cover coat and an inorganic vitreous material, may be minded between a base material 
and the particle layer which has photocatalyst activity. It is because affinity with a base material 
improves more. 
[0015] 

[Function] Since the filling factor of the maximum surface section is raised and photocatalysts 
come to be mutually combined by potential energy through a particle with a mean particle diameter 
of less than 0.01 micrometers by [ of the particle layer which has photocatalyst activity ] the 
distributed combination of the particle with a mean particle diameter of less than 0.01 micrometers 
being made to be canied out at least at the maximum surface section, overall film reinforcement is 
raised and it becomes possible to demonstrate sufficient abrasion resistance. 
[0016] 

[Example] Next, the manufacture approach of a member of having the above-mentioned 
photocatalyst activity is explained. The approach applies the particle which has the photocatalyst 
activity by which the particle with a mean particle diameter of less than 0.01 micrometers was 
blended for example, on the base material. The approach of calcinating, and the method of 
applying and calcinating a particle with a mean particle diameter of less than 0.01 micrometers 
after applying the particle layer which has photocatalyst activity on a base material. After applying 
the particle layer which has photocatalyst activity on a base material and perfonming the process to 
calcinate, a particle with a mean particle diameter of less than 0.01 micrometers is applied, and is 
perfomied by the approach of fixing. 

[0017] The particle which has the photocatalyst activity by which the particle with a mean particle 
dianrieter of less than 0.01 micrometers was first blended on the base material is applied, and how 
to calcinate is explained. A particle with a mean particle diameter of less than 0.01 micrometers is 
mixed to the particle which has photocatalyst activity first in this approach. It is better to make it 
have as big a filling factor as possible, where the smaller one of the porosity of the rtiember finally 
obtained was good here, therefore this mixture is applied. It is better to blend a particle with a 
mean particle diameter of less than 0.01 micrometers and a larger particle than it for that purpose. 
However, it is better for said large particle to be 0.02 micrometers or less at the time of spreading 
at least, if adhesion with a base material is taken into consideration. Since the effectiveness by 
particle size blending shows up notably in case of twice [ more than ] the particle with a mean 
particle diameter of less than 0.01 micrometers, said large particle is desirable. Moreover, as for a 





particle with a mean particle diameter of less than 0.01 micrometers, consisting of matter which 
has photocatalyst activity is desirable. 

[0018] The approach of forming the particle layer which has photocatalyst activity on a base 
material is perfonmed by applying the above-mentioned compound to a base material. In this case, 
when the above-mentioned compound is applied as sol suspension, it is desirable from being easy 
to apply to homogeneity and being easy to control particle size. Moreover, since the method of 
application tends to control that there are few amounts of the solution to be used and they end, and 
thickness, its spray coating method is desirable. 

[0019] The approach of fixing to a base material is perfonned heat-treating at the low temperature 
which is extent in which the applied particle does not can^ out grain growth notably, and by heat- 
treating at less than 800 degrees C preferably, making a particle with a mean particle diameter of 
less than 0.01 micrometers remain. 

[0020] Next, how to apply and calcinate a particle with a mean particle diameter of less than 0.01 
micrometers is explained after applying the particle layer which has photocatalyst activity on a base 
material. The approach of applying the particle layer which has photocatalyst activity on a base 
material is desirable from being easy to apply applying the sol suspension which has photocatalyst 
activity to homogeneity, and tending to control particle size. Moreover, it is more desirable from a 
viewpoint of adhesion with a base material for the mean particle diameter of the sol which has 
photocatalyst activity to be 0.02 micrometers or less. Moreover, since the method of application 
tends to control that there are few amounts of the solution to be used and they end, and thickness, 
its spray coating method is desirable. 

[0021] Then, before applying a particle with a mean particle diameter of less than 0.01 
micrometers, said spreading object may be dried. A particle with a mean particle diameter of less 
than 0.01 micrometers becomes easy to enter the gap of the particle which has photocatalyst 
activity by doing so. 

[0022] The approach of applying a particle with a mean particle diameter of less than 0.01 
micrometers is also desirable from being easy to apply applying the sol suspension of a particle 
with a mean particle diameter of less than 0.01 micrometers to homogeneity, and tending to control 
particle siziB. As for a particle with a mean particle diameter of less than 0.01 micrometers, 
consisting of matter which has photocatalyst activity is desirable. 
[0023] The adhesion over a base material can be improved by calcinating after that. The 
temperature is perfonmed heat-treating at the low temperature which is extent in which the applied 
particle does not cany out grain growth notably, and by heat-treating at less than 800 degrees C 
preferably. 

[0024] (Example 1) Specified quantity mixing of the ammonia amalgam-decomposition mold 
suspension of the titanium oxide sol of 0.004 micrometers of mean diameters was canied out at 
the ammonia amalgam-decomposition mold suspension of the titanium oxide sol of 0.01 
micrometers of mean diameters, and it calcinated at 750 degrees C after spreading with the spray 
coating method to the tile substrate of 1 5cm angle. At this time, the mean diameter of the titanium 
oxide sol in titanium oxide sol additive-free [ of 0.004 micrometers of mean diameters ] was 0.04 
micrometers. About the obtained sample, abrasion resistance, the deodorization property, and the 
antibacterial property were evaluated. 

[0025] Abrasion resistance perfonned sliding wear which used the plastics rubber, and compared 
and evaluated change of an appearance. An evaluation index is shown below. 
0 with no change to :40 times round trip - sliding below more than 0:10 time 40 time ~ a blemish - 
- entering - a titanium oxide layer - sliding below more than exfoliation **:5 time 10 time - a 
blemish - entering - a titanium oxide layer - sliding below exfoliation x:5 time - a blemish - 



entering - a titanium oxide layer - exfoliation [0026] The deodorization property was evaluated by 
measuring R30 (L). R30 (L) be an elimination factor after an optical exposure, the field which 
specifically formed the particle layer which have the photocatalyst activity of a sample in the 
glassware of 1 1L be an-ange in distance of 8cm from the light source (BLB fluorescent lamp 4W), 
and it pour in into a container and be obtain by measure the concentration change when carry out 
an optical exposure for 30 minutes so that it may become the initial concentration of 3 ppm about 
methyl mercaptan gas. 

[0027] The antibacterial property was examined using Escherichia coli (Escherichia coli W31 10 
share). The glass plate (100x100) which trickled 0.15ml (10000-50000CFU) of fungus liquid was 
stuck to the field in which the particle layer which has the photocatalyst activity of the member 
beforehand sterilized by ethanol 70% was fomied, and it considered as the sample. The fungus 
liquid of the sample which in-adiated the white LGT (3500 luxs) after the exposure for 30 minutes 
was wiped with sterile absort)ent gauze, it collected to 10ml of physiological salines, the survival 
rate of a bacillus was searched for, and it considered as the index of evaluation. An evaluation 
index is shown below. 

+ ++ : 10% [ of below survival rates ] ++ of Escherichia coli : Below 10% or more survival rate [ of 
Escherichia coli / 30% ] + : Less than 70% of 30% or more survival rates of Escherichia coli - : 70% 
or more of survival rates of Escherichia coli [0028] Consequently, about the deodorization property, 
even if the amount of the titanium oxide sol of 0.004 micrometers of mean diameters was any, the 
good result was indicated to be 90% or more. Moreover, also about the antibacterial property, even 
if the amount of the titanium oxide sol of 0.004 micrometers of mean diameters was any, the good 
result was indicated to be +++. About abrasion resistance, change was accepted with the amount 
of the titanium oxide sol of 0.004 micrometers of mean diameters, and it became 0 at 15 % of the . 
weight or more that it was x at 1 0 or less % of the weight. 

[0029] (Example 2) After applying the ammonia amalgam-decomposition mold suspension of the 
titanium oxide sol of 0.01 micrometers of mean diameters to the tile substrate of 15cm angle with 
the spray coafing method and drying, specified quantity spreading of the ammonia amalgam- 
decomposition mold suspension of the titanium oxide sol of 0.004 micrometers of mean diameters 
was earned out with the spray coating method, and it calcinated at 750 degrees C. At this time, the 
mean diameter of the titanium oxide sol in titanium oxide sol additive-free [ of 0.004 micrometers of 
mean diameters ] was 0.04 micrometers. About the obtained sample, abrasion resistance, the 
deodorization property, and the antibacterial property were evaluated. 

[0030] Consequentiy. about the deodorization property, even if the amount of the titanium oxide sol 
of 0.004 micrometers of mean diameters was any. the good result was indicated to be 90% or 
more. Moreover, also about the antibacterial property, even if tiie amount of the titanium oxide sol 
of 0.004 micrometers of mean diameters was any, the good result was indicated to be +++. About 
abrasion resistance, change was accepted with the amount of the titanium oxide sol of 0.004 
micrometers of mean diameters, and it became 0 at 15 % of the weight or more that it was x at 10 
or less % of the weight. 

[0031] (Example 3) The ammonia amalgam-decomposition mold suspension of the titanium oxide 
sol of 0.01 micrometers of mean diameters was calcinated at 850 degrees C after spreading with 
the spray coating method to the tile substrate of 15cm angle. The crystal mold of the titanium oxide 
at this time was an anatase moid, that mean particle diameter is 0.1 micrometers, and tiie neck 
section was observed between particles. Specified quantity spreading of the ammonia amalgam- 
decomposition mold suspension of the titanium oxide sol of 0.004 micrometers of mean diameters 
was carried out with the spray coating method after that, it calcinated and fixed at 11.0 degree C. 
and the sample was obtained. About the obtained sample, abrasion resistance, tiie deodorization 




property, and the antibacterial property were evaluated. 

[0032] Consequently, about the deodorization property, even if the amount of the titanium oxide sol 
of 0.004 micrometers of mean diameters was any, the good result was indicated to be 80% or 
more. Moreover, also about the antibacterial property, even if the amount of the titanium oxide sol 
of 0.004 micrometers of mean diameters was any, the good result was indicated to be ++ - +++. 
About abrasion resistance, change was accepted with the amount of the titanium oxide sol of 0.004 
micrometers of mean diameters, and it became 0 at 15 % of the weight or more that it was 0 at 10 
or less % of the weight. 
[0033] 

[Effect of the Invention] The layer which consists of a particle which mainly has photocatalyst 
activity is fonned on a base material, and in said particle layer [ whether the distributed 
combination of the particle with a mean particle diameter of less than 0.01 micrometers is made to 
be canied out, and ] The layer which consists of a particle which mainly has photocatalyst activity 
with a mean particle diameter of 0.02 micrometers or less is fomied on a base material. Or by [ of 
said particle layer ] the distributed combination of the particle with a mean particle diameter of less 
than 0.01 micrometers being made to be carried out at least at the maximum surface section 
Sufficient film reinforcement is obtained maintaining photocatalyst activity. 



